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Epistomoligical Discussions and Fundamental Questions regarding SoS 
 
The drastic increase in complexity of many engineering and socio-technical systems can largely be attributed to 
three major factors: 
 
a. Increase in the scope and degree of uncertainties in systems’ environments, which enforces high 
adaptability requirements to the systems.  
b.  Increase in the level of interconnectivity among previously semi-isolated constituents that gives systems a 
more distributed nature. 
c. Incorporation of more self-optimizing and decision making constituents that drive systems toward higher 
levels of autonomy.  
 
These adaptable, distributed, autonomous systems, aka system of systems do not lend themselves to traditional 
engineering methods that are often based on some kind of optimization in one way or another, especially because of 
fundamental challenges that the evolving and autonomous nature create for analysis, architecting and governance of 
such systems. Research on System of systems engineering has been on the rise in recent years in response to these 
challenges, and has been fairly successful in identifying the key characteristics of system of systems and the 
associated challenges of dealing with them. However, these efforts have stayed, to a large extent, at the level of 
ontological discussions or the drawing of analogies between complex systems or system of systems with natural 
systems, thus have not resulted in the creation of a rigorous and active academic discipline. This goal could be 
achieved by two interdependent lines of effort: by focusing on epistemological discussions related to system of 
systems, and by identifying a set of fundamental research questions that define a shared agenda for the community. 
The goal of Epistemological discussions is to revisit the notion of many commonly used concepts of classical 
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systems engineering, such as control, verification and validation, risk management and performance metrics and to 
identify key trade-offs among these metrics.  
 
Parallel to these epistemological discussions, and related to them, the SoS research community needs to identify a 
set of fundamental questions, often considered as a pillar of academic disciplines. Conferences and gatherings such 
as Complex Adaptive Systems Conference are often the right place to have such discussions, especially since there 
is a strong overlap between the nature and challenges of system of systems with those of complex adaptive systems.  
 
Suggested Fundamental Questions for SoS Research: 
 
Papers presented in this part discuss important fundamental questions regarding system of systems, some of them 
are categorized and listed here: 
 
1. Tools and Techniques: What are the tools and techniques that can be used in analyzing, architecting and 
governing System of Systems, beyond traditional engineering methods? Which of these required tools and 
techniques have been already developed in other disciplines and which of them need to be developed by the 
SoS research community? 
 
2. System of Systems vs. Complex Adaptive Systems: What are the key similarities and differences between 
complex adaptive systems and system of systems? What are the main analytical techniques and key insights 
system of systems engineers can learn from over two decades of active research on complex adaptive 
systems? Are these techniques and insights directly applicable to SoS research or do they need to be 
translated-beyond a mere change in jargons- for the new context?  Are there unique aspects of system of 
systems for which using CAS analogies are misleading?  
 
 
3. SoS and Data-Driven Methods: It is not a mere coincidence that the increase in prevalence of system of 
systems in the engineering world happened in parallel with explosion in the quantity and diversity of data. 
Availability of nearly “real-time” data from a variety of sources makes the interaction of otherwise less-
related systems more feasible, thus driving systems to enter into the system of systems regime, in which 
even more interaction-related data is generated.  This mutual dependency gives rise to a set of crucial 
questions: 
a. How can recent advances in data mining and machine learning be used in dealing with key 
challenges in SoS engineering? 
b. Alternatively, are there lessons from complex adaptive systems or SoS research that can be used to 
turn the massive quantity of data into knowledge? 
c. Given the highly dynamic and evolving nature of system of systems, and the fact that data always 
describes the past behavior of a system, what are the theoretical and practical limits of relying on 
data for engineering and governance of system of systems?  
 
4. Simulation, V&V and the limits: In the absence of data, or when the past data cannot be used reliably, 
because of the evolving nature of a system, various simulation methods are commonly used to complement 
purely data-driven methods. It is also important to define assessment metrics for good simulation, 
especially when a full verification and validation is not feasible. These would raise some important 
questions such as:  
a. How can data mining techniques be combined and complemented with generative simulation 
methods? Which simulation methods lend themselves more to such hybrid approaches? 
b. What should be one’s approach for verification and validation for system of systems, especially 
when it comes to relying on simulation methods?  Do we need a new notion of, and different 
expectation from verification and validation when making models of system of systems? 
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5. Integrating the human component: The human element is often an integrated part of most systems of 
systems, especially socio-technical systems. People’s individual and collective behavior are important 
sources of change in system of systems. At the same time, these behaviors are significantly affected by 
changes in the system. How can this mutual, dynamic interaction be incorporated into our models and help 
us in architecting and governing system of systems? And to what extent can important developments in 
social sentiment analysis and opinion mining based on massive social media analysis can be used to better 
integrate the human component into system of systems architecture and governance? 
 
Papers presented in this conference cover a wide range of topics related to theoretical aspects of system of systems 
such as risk management, verification and decision diffusion in distributed systems, as well as examples and 
applications of system of systems in public education and political data analysis. 
 
As conference co-chair for Part II: System of Systems, I wish to thank the authors of these papers for their 
contributions and efforts. 
 
